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Abstract 
We present a label-free biosensor capable to map local potential by photogenerating charge carriers in a field effect 
device. It consists in an amplitude-modulated laser beam scanning through an electrolyte/insulator/semiconductor 
structure at very low illumination around the equilibrium state of semiconductor. A proof of principle is demonstrated 
by depositing a self-assembled monolayer on the dielectric and by showing a clear photopotential change between 
naked and covered areas. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
In the context of microarrays and biosensors development and for detecting biomolecular interactions, 
label-free sensors have recently gained a very high interest such as surface plasmon resonance (SPR) [1], 
plasmonic-based electrochemical impedance microscopes [2], light-addressable potentiometric sensors 
[3], optoelectrochemical impedance [4], arrays of field effect transistors [5], or organic field effect 
transistors [6]. Although, exhaustive results are reported from arrays of transistors [7,8,9], they still suffer 
from the drawback of being delicate and expensive. Here, we present a Photopotential Imaging (PI) 
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technique giving local photopotential cartographies Vphoto(x,y) of a functionalized dielectric surface with 
potentially high lateral resolution. 
Nomenclature 
AM amplitude-modulated 
EIS electrolyte/insulator/semiconductor 
PI photopotential imaging 
Q ionic counter-charges 
Velectrode potential between the reference electrode and semiconductor 
Vphoto photopotential 
SAM self assembled monolayer 
2. Method and materials 
The PI technique is based on electrochemical impedance measurements as illustrated in Fig.1(a) where 
the potential Velectrode is applied between the reference electrode and semiconductor. The substrates are 
standard wafers of weakly doped Si (1015 cm-3) covered with thermally grown SiO2 and with Au layer on 
back side. The reference electrode is a wire of Pt. Electrolyte is Tris (tris(hydroxymethyl)aminomethan) 
at 10 mM at pH = 7.1. Salts of KCl are added for increasing electrical conductivity. 
An amplitude-modulated (AM) and focused laser beam (633nm) scans the surface through an 
electrolyte/insulator/semiconductor (EIS) structure. The AM laser beam works ideally at 316 Hz and 
replaces the modulation of classical electrochemical impedance [3]. Under illumination, the 
photogenerated charge carriers induce a photopotential (Vphoto) across the structure. Fig.1(b) gives the 
energy band diagrams for EIS structure at equilibrium under this configuration. The potential applied to 
the structure Velectrode between the Fermi level of semiconductor (EF)sc and electrolyte (EF)el allows 
monitoring the different regimes of  semiconductor.  
         
(a)             (b) 
Fig. 1. Photopotential Imaging technique schematic showing an AM laser beam spot scanning (x,y) on a functionalized surface 
arranged in array above a field effect device; a) Energy band diagrams of EIS structure. 
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Fig. 2. photopotential in phase and quadrature vs. the applied potential Velectrode on a naked 15 nm thick SiO2 thermally grown on Si 
(p-doped 1015 cm-3) in an aqueous solution with 10 mM of KCl 
Phase and out-of-phase (quadrature) photopotentials are simultaneously measured thanks to a lock-in 
amplifier. 
3.  Results and discussion 
In Fig. 2, typical curves of Vphoto versus Velectrode are shown in phase and quadrature. The potential 
Velectrode is swept from the inversion to accumulation regimes via the weak inversion one. These curves 
allow determining precisely the constant Velectrode (e.g. 0.15 V) value where semiconductor is in its weak 
inversion regime. Then, PI is done at this value, achieved with a feedback loop via a lock-in amplifier. In 
Fig. 3 (a), cartography shows the change of photopotential in quadrature depending on the local surface 
treatment. The dielectric SiO2 was covered with a hydrophobic self assembled monolayer (SAM) of 
silane deposited by soft lithography [9]. Note, the SAM is transparent at the wavelength of 633 nm, 
excluding optical artifacts. The visible discs correspond to naked silicon dioxide areas surrounded by the 
SAM. As expected, on naked areas, the photopotential change is close to 0 volt, because it is the reference 
value. On areas covered with SAM, a higher value of photopotential is observed. The measured 
photopotential is more negative on naked areas than covered ones, due to non-charged CH3 groups and 
negative Si-O- on naked SiO2. In Fig. 3 (b), a zoom was measured at the red square location of Fig. 3 (a). 
4. Concluding remarks 
Photopotential Imaging technique offers a direct way to monitor charges deposited on SiO2 as 
demonstrated with SAM of silane. Its experimental lateral resolution is at circa 100 ȝm, mainly limited by 
the focused laser spot and by the diffusion length of minority carriers in Si. The photopotential resolution 
(vertical scale) is nearly 1 ȝV. The PI technique will be validated with DNA hybridization and further 
implemented for probing carbohydrate-lectin interactions. 
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      (a)             (b) 
Fig. 3. (a) Photopotential Imaging shown in quadrature for a functionalized surface with n-octadecyldimethylchlorosilane on a 90 
nm thick SiO2 thermally grown on n-doped Si in 10 mM of Tris at pH = 7.1; (b) Zoom as shown in the red square of Fig. 3 (a). Both 
vertical scales range from -2 ȝV to 23 ȝV 
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